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Abstract. The genus Salvia is one of the most important genera in the Labiatae
family and includes over 900 species all over the world. Salvia species are aromatic
plants, rich in essential oils which have been used in food, cosmetics, perfumes and
pharmaceutical products. In this paper were collected data from several scientific
studies with the aim to characterize the chemical composition of essential oils of
various Salvia species (Salvia officinalis L. and its three ornamental cultivars:
‘Purpurascens’, ‘Tricolor’ and ‘Icterina’, Salvia nemorosa, Salvia sclarea Salvia
elegans) determined by GC-MS and at the same time highlighting the importance
of ensuring the authenticity of the essential oils.
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Introduction
Garden sage (Salvia officinalis L.) is a perennial medicinal plant
with woody stems, grayish leaves and blue to purplish flowers belonging to
the subfamily Nepetoideae in Lamiaceae family. The name Salvia comes
from Latin word salvere, which means save, indicating the medical value of
the plant.  Sage is one of the oldest medicinal plants used by humans and it
is considered a universal panacea (Muntean et al., 2007). The genus consists
of about 900 species of which 15 are distributed in the Romanian flora
(Ciocârlan, 2009). Numerous species of the Salvia genus are economically
important since they are used as spices and flavouring agents in the field of
perfumery and cosmetics. Salvia has also been used since ancient times in
old medicine and is generally known for its multiple pharmacological
effects including antibacterial, anti-oxidative, antiviral, anti-malarial, anti-
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inflammatory, anti-diabetic, antitumor and anticancer properties. Also, some
studies showed that a part of these activities depended on essential oil
composition (Alizadeh and Shaabani, 2012). Moreover, several studies have
shown that Salvia genus is a valuable source of potent antioxidants and the
antioxidant properties were found to be related to the presence of rosmarinic
acid and carnosic acid (Al-Qudah et al., 2014). The volatile oils of several
species are used as antiseptic, the tannin as a local anti-inflammatory agent,
the bitter taste inducing a pleasant sensory feeling in the mouth and throat.
They also possess carminative, diuretic, hemostatic and spasmolitic
activities and are used as calming agents as herbal tea in all around the
world (Altun et al., 2007).
The antimicrobial properties of the essential oils have been well
recognized for many years, and as naturally occurring antimicrobial agents,
they have been applied to pharmacology, pharmaceutical botany,
phytopathology, medical and clinical microbiology, and food preservation.
Furthermore, the essential oils of some Salvia species have recently been
investigated, showing strong antimicrobial activity. The pharmacological
effects of Salvia essential oils are based on the presence of more than 100
active compounds which can be categorized into monoterpene
hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons,
diterpenes, non-isoprenoid compounds and oxygenated sesquiterpenes (Fu
et al., 2013). The properties of essential oils are directly related to their
composition. The presence of some fakes often leads to change in the
properties of essential oils, especially those therapeutics, which are the
results of the synergistic action of all the components of essential oil.
Additionally, the essential oils are used in food supplements or for medical
purposes, and therefore it is crucial to ensure the authenticity and the quality
of the product, their adulteration causing severe negative effects on
consumers’ health (Socaci, 2009).
Many Salvia species and varieties are known, but the most important
of these are Dalmatian (common) sage (Salvia officinalis L.), clarysage
(Salvia sclarea L.) and Spanish sage (Salvia lavandulaefolia (L.) Vahl.).
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Composition of essential oils
 The chemical composition of common sage (Salvia officinalis L.)
essential oil
Sage produces substantial amounts of essential oils with variable
composition. The most abundant components are 1,8-cineole, camphor and
a wide variety of thujenes. The chemical composition of common sage
(Salvia officinalis L.) essential oil has been investigated in various countries
and the essential oils were divided into five groups according to the amount
of the major constituents (Boszormenyi et al., 2009):
1. camphor > α-thujone >1,8-cineole > β-thujone
2. camphor > α-thujone > β-thujone > 1,8-cineole
3. β-thujone > camphor > 1,8-cineole > α-thujone
4. 1,8-cineole > camphor > α-thujone > β-thujone
5. α-thujone > camphor > β-thujone > 1,8-cineole
In 2007 Raal et al., conducted a research on the chemical
composition of essential oil of Salvia officinalis L. growing in Estonia and
in other European countries (France, Hungary, Belgium, Russia, Greece,
Ukraine, Scotland and Moldavia). The principal components in the sage oils
were 1,8-cineole, camphor, α-thujone, β-thujone, borneol and viridiflorol.
Comparison between the sage oil compositions from different European
countries showed some differences in the quantities of the main
constituents. The highest content of camphor (29.8%), borneol (11.8%) and
bornyl acetate (7.8%) was found in the oil originated from Scotland. In
contrast to other samples, Scottish sage contained terpinen-4-ol, α-terpineol,
thymol, carvacrol, caryophyllene oxide and humulene epoxide from 2.1 to
4.3% (other samples contained below 1.8% of these compounds). The
sample from Greece was rich in 1,8-cineole (45.3%) and monoterpenes such
as: α-pinene, camphene, β-pinene and myrcene (total 23.0%). The sample
from Moldavia contained less monoterpenes (0.7%) and oxygenated
monoterpenes (54.9%) than the other studied samples, but was rich in (E)-β-
caryophyllene (7.5%), humulene (7.5%) and viridiflorol (15.7%). The
chemotypes of sage were not determined in the investigated samples.
The Romanian researchers (Oniga et al., 2010) analyzed the essential
oil from 4 samples of Salvia officinalis leaves: fresh material and air-dried
sample, harvested from plants cultivated in Cluj-Napoca and 2 commercial
samples. Twelve compounds were found in each oil, 9 of them being
82
common in all samples. The major compound in all analyzed oils was the α-
thujone (31.23-52.86 %), followed by camphor (8.33-22.49 %) and
viridiflorol (8.06-12.39 %).
Another interesting research was made in Moldavia by Gonceariuc
et al., 2012. They studied the composition of  the essential oil of 5 Salvia
officinalis L. genotypes ( the variety Miracol, Cahul- D, Cahul- M, G-1 and
G-2). The harvesting of plant samples was carried out in in three stages of
development: until the formation of floral button; during the flowering
phase and after shaking of corolla flowers, seeds. The major compounds
were represented by monoterpene ketones: α-thujone (21,2-38.8%), β-
thujone (5.877-16.201%), camphor (17.5 to 24.6%), followed by 1,8- cineol
(6.47-11.2%). All genotypes represent one chemotype: thujone / camphor /
eucalyptol.
Several authors have reported significant specific variations in the
concentration of major compounds in essential oil of Salvia officinalis L.
depending on the geographical origin (Table 1).
Table 1
The major compounds in essential oil of Salvia officinalis L.
depending on the geographical origin
No.cur. Geographical region Major
compounds
Concentration
% References
1. Jordan
1,8 cineole
Camphor
α-pinene
55-60
9-10
3-4
Abu Darwish
et al., 2013
2. Castilla-La Mancha,Spain
α-thujone
Camphor
1,8 cineole
β-thujone
43.6
8.1
6.7
5.1
Arraiza et al.,
2012
3. Albania
α-thujone
β-thujone
Camphor
1,8 cineole
12.2-49.3
3.1-10.5
13.7-37.8
3.9-23.4
Asllani, 2000
4. Iran
1,8 cineole
Borneol
α-thujone
13.69
13.77
12.46
Badiee et al.,
2012
5. Poland
α-thujone
Camphor
β-thujone
1,8 cineole
26.7
24.2
10
9.4
Baj et al.,
2013
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6. Lithuania
Manool
1,8 cineole
Cis-thujone
14.4–20.9
12.4–17.6
12.6
Bernotienė et
al., 2007
7. Hungary
α-thujone
α-humulene
Camphor
1,8 cineole
34.80
15.10
11.06
4.45
Boszormenyi
et al., 2009
8. Morocco
Trans-thujone
1,8 cineole
Camphor
29.84
16.82
9.14
Bouajaj et al.,
2013
9. Turkey
Cis-thujone
Camphor
1,8 cineole
20.06
19.93
17.93
Baydar et al.,
2013
10. Brasil
α-thujone
Camphor
α-pinene
β-thujone
40.90
26.12
5.85
5.62
Porte et al.,
2013
11. Algeria
α-thujone
1,8 cineole
Camphor
β-thujone
24.52
15.92
16.86
6.5
Lakhal et al.,
2013
12. Argentina
α-thujone
Camphor
α-pinene
β-thujone
36.31
14.66
8.71
7.61
Ganán et al.,
2013
13. Serbia
Camphor
Cis-thujone
α-humulene
1.9 -32.7
6.7- 28.5
3.4-33.3
Lakusic et al.,
2013
14. Egypt
Camphor
α-thujone
β-thujone
1,8 cineole
25.11
22.19
17.70
7.45
Jirovetz et al.,
2006
15. Siria
1,8 cineole
Camphor
β-pinene
62
8
6
Khalil şi col.,
2011
16. Portugal
1,8 cineole
α-pinene
Camphor
64–67
7-8
5-6
Miguel et al.,
2011
17. India
α-thujone
Camphor
1,8 cineole
21.43 - 40.10
11.31 - 37.67
4.47 - 9.17
Raina et al.,
2013
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β-thujone 2.06 - 7.41
18. Italy
Camphor
α-thujone
Borneol
8.4–20.8
7.8–20.1
2.5–16.9
Russo et al.,
2013
19. Tunisia
1,8 cineole
α-thujone
Camphor
29.41
22.58
20.22
Hamrouni-
Sellami et al.,
2012
20. R. Macedonia
α-thujone
Camphor
1,8 cineole
β-thujone
19.25 - 26.33
13.15 - 25.91
6.51 – 13.60
2.03 - 5.28
Stefkov et al.,
2011
21. Libya
Camphor
α-thujone
1,8 cineole
27.3
24.3
16.5
Awen et al.,
2011
22. Montenegro
α-thujone
Camphor
1,8 cineole
29.50
22.52
12.19
Damjanovic-
Vratnica et al.,
2008
Regarding the composition of essential oil of different common sage
cultivars (Salvia officinalis cvs. ‘Purpurascens’, ‘Tricolor’, and ‘Icterina’)
fewer studies have been made. Boszormenyi et al., 2009 found α-humulene
(14.55-33.24%) as the main component, followed by β-pinene, 1,8-cineole,
and camphor. In North America, the essential oils of eight cultivars of
common sage (Salvia officinalis L.) from the horticultural trade were
analyzed and these cultivars fell into five groups(Tucker and Maciarello,
2011):
 camphor < α-thujone > 1, 8-cineole > β-thujone (‘Berggarten,’
Icterina');
 camphor > α-thujone > β-thujone > 1, 8-cineole (‘Tricolor,’
‘Woodcote Farm’);
 β-thujone > camphor > 1, 8-cineole > α-thujone (‘Albiflora’);
 1, 8-cineole > camphor > α-thujone > β-thujone (‘Compacta’);
 α-thujone > camphor > β-thujone > 1, 8-cineole (‘Purpurascens,’
‘Rubriflora’).
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 The chemical composition of Salvia nemorosa essential oil
Rajabi et al., 2014, have found that the main constituents of the
Iranian essential oil in Salvia nemorosa were [E]-caryophylene (18.78–
60.58%) and caryophyllen-oxide (18.94–27.15). In another study made in
Romania, the following were the major components in essential oil of S.
nemorosa: sabinene (38.2%), β-caryophyllene (19.03%) and germacrene D
(18.62%) (Coisin et al, 2012).
 The chemical composition of Salvia sclarea (clary sage) essential
oil
In the reports on the chemical composition of essential oils of Salvia
sclarea (clary sage) major components of the essential oil were the
following: (Table 2).
 The chemical composition of Salvia elegans
The chemical composition of Salvia elegans was determined for the
first time by Makino et al., 1996 and 28 constituents were identified,
linalool, β-caryophyllene, germacrene D and spathulenol being the
predominant components. In a recent study made in Italy, cis-Thujone
(38.7%), δ-cadinene (11.5%) and geranyl acetate (6.9%) were the major
compounds (De Martino et al., 2010).
Table 2
Chemical composition of essential oils of Salvia sclarea
No.cur. Major compounds Concentration % References
1.
linalyl acetate
linalool
germacrene D
39.2
12.5
11.4
Sharopov et al.,
2012
2.
linalool
linalyl acetate
β-myrcene
40.24
34.51
5.47
Verma et al.,
2010
3.
sclareol
germacrene D
β-Caryophyllene
linalool
11
9.8
9
9
Paknejadi et al.,
2012
4.
sclareol
germacrene D
linalool
11
9.8
9
Yousefzadi et
al., 2007
5. linaloolα-terpineol
42.3
13.4 Kuźma et al.,
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geraniol 6.3 2009
6.
linalyl acetate
linalool
germacrene D
56.88
20.75
5.08
Hristova et al.,
2013
7.
linalyl acetate
linalool
α-terpineol
52.83
18.18
5
Dzamic et al.,
2008
Conclusions
 The most studied essential oil of Salvia species in terms of chemical
composition was the essential oil of common sage (Salvia
officinalis L.). The researches indicate that the major
compounds were 1,8-cineole, camphor and a wide variety of
thujenes.
 Regarding the composition of essential oil of different common sage
cultivars (Salvia officinalis cvs. ‘Purpurascens’, ‘Tricolor’, and
‘Icterina’) fewer studies have been made and showed that all S.
officinalis cultivars contained basically the same compounds
and differences could be observed only in their ratios.
 Caryophyllene compounds and sabinene are representative for Salvia
nemorosa.
 Clary sage oil is an important commercial oil and is characterized by
large amounts of linalool and linalyl acetate.
 About the essential oil of Salvia elegans there are only few literature
data, oxygenated monoterpenes and sesquiterpene
hydrocarbons being the most abundant compounds.
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